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Abstract

Purpose In recent years, tissue engineering scaffolds have gained popularity as a replacement for metallic/synthetic implants
and tissue grafts.

Methods A porous tricomponent scaffold of graphene oxide (GO)-xanthan-hydroxyapatite (HAP) was fabricated using the
freeze-drying process for bone tissue engineering.

Results The physicochemical analysis (FTIR and XRD) revealed that the composite was formed by hydrogen bonding and
electrostatic interactions, and also determined a decreased crystallinity, similar to that of real bone apatite. TG/DTA analysis
proved the presence of all the raw materials in the scaffold. Morphological studies supported the porous nature of HAP as
well as its uniform distribution. The scaffold negatively charged functional group produced positive in vitro results in terms
of cell proliferation, biocompatibility, and cell adhesion.

Conclusion The positive in vitro results confirmed that the fabricated scaffold materials could be a useful biomaterial for

bone tissue engineering.
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1 Introduction

Bones are rigid tissues that support body structure, protect
internal organs, allow for movement in conjunction with
muscles, and involve in the production of blood cells and
the calcium storage process. [1]. As a result, a bone frac-
ture results in serious body damage as well as excruciating
pain for the patient. A variety ol treatments are available
when lesions unable to heal on their own. Synthetic bones
are becoming more popular as a replacement for natural
bone grafts [2]. Metal and ceramic implants are the most
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common treatment options, but with several flaws. Metal
implant requires a second surgery 1o remove it, and shows
poor tissue integration at the implantation site, resulting in
infections. On the other hand, ceramics exhibit brittle nature
with low tensile strength, and difficult to predict their deg-
radation [3].

A porous three-dimensional (3D) interconnected scaf-
fold is an attractive tissue-engineered construct because
it allows cells to attach and travel within its confines
(osteoconductive) while simultaneously supplying
chemicals that promote progenitor cell proliferation and
differentiation [4]. Biocompatible, biodegradable, and
non-toxic scaffolds are necessary, and to accomplish
this, develop scaffolds that duplicate human bone and
have a structure similar to human bone structure. 70 %
(wt.) mineral carbonated hydroxyapatite (HAP), 10%
(wt.) water, and 20% (wt.) organic components make up
human bone (primarily type-I collagen) [5]. Bioceramic
HAP and biopolymer xanthan gum are used to mimic
the natural collagen-HAP structure. Adding graphene
oxide (GO) as a reinforcement material improves the
mechanical characteristics of the xanthan-HAP composite
even further.
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HAP is a biocompatible ceramic substance with a
structure that resembles natural bone minerals (6, 7).
HAP is also a bioactive, non-toxic, non-inflammatory,
and non-immunogenic substance with osteoconductive and
osteoinductive properties. HAP is extensively utilized in
orthopedic implants, bone restoration, and dental implants
[8]. HAP is gradually replaced by the host bone after
implantation, allowing for faster bone regeneration by
enhancing osteoconduction. HAP synthesis is complex,
despite the fact that there are several synthetic methods
for preparing HAP, such as the sol-gel approach [9]
or the hydrothermal procedure [10]. In addition, the
procedures are expensive, and the HAP produced is neither
biocompatible, osteoconductive, or bioresorbable enough.
Thermal calcination, on the other hand, is a less expensive
and easier way to separate natural carbonated HAP from
animal bone.

The anionic polysaccharide xanthan gum is produced by
the bacteria Xanthomonas campestris [11]. Xanthan gum
is a biocompatible polymer that can be used to transport
growth components and matrices in tissue engineering
[12]. It may gel in seconds in place, hold large amounts
of water, and so provide an environment similar to the
extracellular matrix found in nature (ECM). Furthermore,
xanthan gum has antibacterial properties against Pseu-
domonas aeruginosa, Staphylococcus aureus, and Staph-
vlococcus epidermidis, all of them responsible for bone
implant failure [13].

Graphene is a planar sheet of sp® linked carbon atoms
densely packed in a honeycomb crystal structure that is
only one atom thick. It is the thinnest known material
in the cosmos [14, 15]. It is also extremely robust and
effective in transferring heat and electricity. As a result,
in terms of mechanical and thermal properties, polymer/
graphene nanocomposites surpass polymer alone. On the
other hand, organic polymers are incompatible with pris-
tine graphene. The presence of oxygen-containing groups
(epoxide, hydroxyl, and carboxylic groups) on the basal
plane and edges of graphene oxide (GO) sheets makes
them more compatible with organic polymers, resulting in
a large number of reactive sites and interactions [16, 17].
GO sheets also offer outstanding mechanical characteris-
tics, biocompatibility, and biostability, made it an impor-
tant material for tissue engineering scaffolds. On a big
scale, they can be made simply and cheaply from graphite.

Nanomaterials have created tremendous impact in tis-
sue engineering scaffolds due to their extremely smaller
size, larger surface area, and potential for cells/tissue
interaction. They have interesting physicochemical and
biological properties for biomedical applications [18]. In
this study, we analyzed the physicochemical interactions,
morphology, and in vitro biological response of a new
tricomponent scaffold of GO-xanthan-HAP fabricated by
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freeze-drying to achieve the porous nature. MTT assays
confirmed that the tricomponent scaffold was biocompat-
ible with MG 63 cells.

2 Experimental Procedure

2.1 Materials

The thermal calcinations method was used to isolate HAP
from chicken bones (local slaughterhouse). Other materi-
als were procured from various company such as, MG 63
cell line from the National Center for Cell Science, Graph-
ite, xanthan gum, 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT), acridine orange and
bisbenzimide Hoechst 33,342 stains from Sigma Aldrich,
Dulbecco’s Modified Eagle’s Medium (DMEM from HIME-
DIA, Sodium phosphate buffer, KCI and NaCl from Merck,
and NaOH, NaNO;, KMnO,, Con.H,SO, and 30% H,0,
S.D. fine chemicals.

2.2 Preparation of GO

Marcano et al. [19], described the modified Hummers
method for preparing GO. In 23 mL of Con. H,S0,, pow-
dered flake graphite (1 g) and NaNO; (0.5 g) were mixed,
cooled to 0 °C using an ice bath, and continuously stirred
to maintain reaction temperature below 20 °C, followed by
the slow addition of KMnO, (3 g) and removing ice bath
with stirring at 35 °C for 7 h. After that, additional KMnQO,
(3 g) was mixed tot the reaction mixture, stirred at 35 °C for
12 h, allowed to cool to room temperature, and transferred
into 400 mL of ice with 3 mL of 30% H,0,. Finally, the
suspension was subjected to filtration and washing with 30%
HCl, double-distilled (DD) water and ethanol, and dried in
an oven.

2.3 Isolation of HAP from Chicken Bone

Washing the chicken bones with NaOH solution and distilled
water removed the skin and flesh. After that, bones were
dried at 100 °C for 5 h in an oven and crushed into small
pieces in a mortar and pestle. 3 g dried chicken bones were
placed in a silica crucible and calcined at 800 °C for 20 h in
an electric furnace (SUNSIM, India) [5].

2.4 Preparation of GO-xanthan-HAP Scaffold

Xanthan gum (1.74 g, 29.9%) was dissolved in 100 ml of DD
water by stirring at 50 °C. GO (60 mg, 0.1%) was dispersed
in 30 mL of DD water for 30 min by applying sonication
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before being transferred to xanthan solution and then
stirred at 50 °C, for 3 h. HAP (4.2 g, 70%) was dispersed
in 30 mL of DD water, slowly added to the to the reaction
mixture and stirred for 24 h at 60-70 °C. Finally, 3 g/well
of Go-Xanthan-HAP solution was placed in a 6-well plate
and subjugated to lyophilization at — 80 °C to prepare the
scaffolds.

2.5 InVitro Biocompatibility Assay

The MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetra-
zolium bromide) assay was used to ascertain the scaffold
construct cell proliferation. The scaffolds, were sterilized
with 75% ethanol and then with 100% ethanol. MG-63 cells
(1x10° cells/well) were cultivated in 96-well plates for
24 h and washed twice with 100 pL of serum-free medium,
followed by starvation for I h at 37 °C. Then, cells were
injected into the sterilized scaffold material, followed by
incubation at 35 °C and the medium was aspirated after the
2nd and 4th days. Finally, MTT (0.5 mg/mL) in a serum-
free medium was reacted with cell cultured scaffold, incu-
bated for 4 h at 37 °C, washed with phosphate buffer solu-
tion (PBS; 200 pL), and mixed with DMSO (100 uL). At a
wavelength of 570 nm, the optical density of the purple-blue
(formazan) solution was determined in a spectrophotometric
microplate reader (Biorad 680). Graph pad prism6 software
was applied to determine cytotoxicity.

The cell attachment and proliferation on the scaffolds
were identified using Hoechst 33,342 DNA staining. In a
cell culture plate, ethanol sterilized scaffold material was
seeded with MG-63 cells as described above for 4 days.
After that, the medium was removed and washed with PBS
solution. The cells were stained for 30 min at 37 °C with
0.5 mL of Hoechst 33,342 solutions (3.5 g/mL in PBS).
Finally, the stained cells were visualized and photographed
using an Olympus Microscope, version 6.0, Carl Zeiss
lens, Germany, after 30 min.

2.6 Characterizations

The vibrational frequency of the scaffold was examined by
Fourier transformed infrared spectroscopy (FT-IR) (Jasco
FTIR4100, Japan), using KBr pellet at 4000-600 ¢m ™',
X-Ray diffraction (XRD) was used to examine the phase
and crystallinity of the samples (Bruker, D8 Advance
X-ray Diffraction spectrophotometer, German). It was
performed at room temperature with a CuKa radiation
source at 1.504 A wavelength, over an angle range of
107 to 807, with a step size of 0.02° and a scan speed of
0.5%/min. The isolated HAP XRD value was compared
to the Joint Committee on Powder Diffraction Standards
(JCPDS) cards. The thermal stability of the scaffold was

investigated using TGA (thermogravimetric analysis) in
combination with DTA (differential thermal analysis) on
an SDTQ 600 TA Instrument, USA, with a scan range
of 30 to 1000 °C at 10 °C/min with continuous nitrogen
flow. Field Emission Electron Microscopy (FE-SEM) was
utilized to visuvalize the morphology of the scaffold and
isolated HAPs (JSM- 6700F, JEOL., Japan).

3 Results and Discussion
3.1 General Observation

The tricomponent scaffold ratio is fixed by combining native
bone with 70% HAP (inorganic mineral), 29% xanthan
(organic substance), and 1% GO. Figure 1 shows photos of
the scaffolding construction. The xanthan gum solution had
a thick consistency. Due to the incorporation of dark grey
graphene oxide solution, the scaffold was visualized to be
grey in color. The scaffold was discovered to be porous after
lyophilization.

3.2 FTIR Analysis

FTIR spectra of xanthan gum, GO, HAP, and GO-xanthan-
HAP composite were recorded and compared in Fig. 2 to
verify the interactions between individual components and
composite formation. HAP shows the characteristic peaks of
3570, 1460, 1049, 966, 881 and 634 cm™'. The character-
istic bands of oxygen-containing groups revealed graphite
oxidation into GO, which are ~OH stretching at 3300 cm ™',
—COOH stretching or conjugated —-C=0 at 1721 cm ™', C=C
stretching at 1621 em™', C-OH stretching at 1225 cm ™!,
C-O stretching at 1051 ecm ™', and absorption peak of epoxy
groups at 826 cm™' [20]. Xanthan showed the characteris-
tic peak of —OH stretching at 3419 cm™', C-H stretching
at 2927 em™! and -C=0 stretching at 1731 cm™". which
correspond o the acetate and pyruvate groups, carboxylate
stretching at 1641 cm™', and acetal stretching at 1136 and
1066 cm™" (21, 22].

The FTIR spectra of the GO-xanthan-HAP scaffold
revealed a shift in peak value as well as blended charac-
teristic peaks from all of the constituent components. The
homogeneous dispersion of GO and HAP in the xanthan
gum was confirmed by the mixed characteristic peaks. The
shift in peak values from 3419 to 3417 cm ™! and 1621 to
1610 cm™" in xanthan and from 962 to 960 cm~" in HAP
confirmed the creation of scaffold involving ionic interac-
tion between the constituent components. The shift in HAP
peak values from 1049 to 1047 ecm™" also confirmed strong
intermolecular hydrogen bonding between GO and HAP.
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Fig.1 Process of scaffold fabrication. a: empty cell culture plate (6-well). b: cell culture plate filled with composite solution. ¢: before lyophili-

zation. d: after lyophilization

The composite scaffold formation through ionic and hydro-
gen bonding was corroborated by FTIR analysis [20, 23, 24].

3.3 XRD Analysis

Figure 3 shows the XRD patterns of xanthan, GO, HAP,
and the GO-xanthan-HAP scaffold. The standard HAP value
(JCPDS-09-0432/1996) was discovered to agree with the
isolated HAP diffraction pattern. GO has a characteristic dif-
fraction peak at a lower angle of 11.9° (002) and a d-spacing
value of 0.743 nm calculated {rom Bragg's equation, which
is within the range of values previously reported and con-
firms the presence of oxygen-containing groups in the inter-
layer spacing [25, 26]. The amorphous nature of xanthan was
revealed by the broad diffraction peaks obtained at 20.3°.
The intercalation of HAP in the xanthan and GO matrix with
ionic interaction was confirmed by the shift in HAP peaks
and the reduction in peak intensity for xanthan and GO,
proving the formation of the GO-xanthan-HAP scaffold [23].
Furthermore, decreased GO and xanthan intensity confirmed
decreased tricomponent scaffold crystallinity and complete
GO exfoliation [14, 25]. The decreased crystallinity sug-
gested that the GO-Xanthan-HAP scaffold crystallographic
structure was more similar to natural bone mineral [27, 28].

3.4 Thermal Analysis
Figure 4 shows the TGA/DTA prolile of the GO-xanthan-

HAP composite. The 1.76% weight loss seen in the range
of 30-150 °C is due to the elimination of integrated water
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molecules. In addition, the DTA curve revealed a significant
endothermic peak at 277 °C, which correlated to xanthan
gum disintegration and confirmed by a 13.92% weight loss
from 250 to 500 °C. No substantial weight was measured
at temperatures above 600 °C, indicating that all organic
compounds had virtually totally disintegrated. The total
weight loss was more than 25%, which is understandable
given that xanthan gum accounts for 29.9% of the composite.
The incinerated residue of the GO-xanthan-HAP composite
mainly consisted of HAP due to its excellent stability at high
temperatures [20, 29, 30]. These findings add to the evidence
that all of the raw materials were present in the composite
and that the scaffold was formed.

3.5 Morphology Analysis

The crystalline constitution and surface appearance of the
GO-xanthan-HAP composite as evaluated by FE-SEM are
shown in Fig. 5. The crystal size of HAP was determined
to be 300400 nm, and it had a flake-like crystalline struc-
ture (Fig. 4a). The scaffold has a porous structure with mag-
nification and a homogeneous structure to the naked eye.
The porous architecture of the scaffold was visible in the
lower magnification image (Fig. 4b) with the integration of
HAP (white crystal) in the organic matrix of xanthan gum
(translucent). The higher magnification image of scaffolds
(Fig. 4¢) revealed a consistent distribution of HAP crystals
bound to the xanthan matrix. Because GO is present in such
a little amount in the composite (0.1%), and it is very highly
diffused, it is not visible in the images.
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Fig.2 FT-IR spectra of xanthan, GO, isolated HAP at 800 “C and
GO-xanthan-HAP scaffold

3.6 InVitro Biological Assay

As previously stated, since cell proliferation is favored
over osteoblast activity, cell attachment and proliferation
to the scaffold surface are important in biomaterial syn-
thesis. The scaffold cytotoxicity and cell proliferation were
assessed using the MTT test. Figure 6 shows the optical
density (OD) of blank (medium alone) and GO-xanthan-
HAP measured on the 2nd and 4th days. Because medium
may offer nutrients for cell growth, it was utilized as a
blank. The OD is proportional to the quantity of MTT
transformed into colored formazan salt by metabolically
active cells; hence, a high OD indicates a large number of
living cells and indicates excellent cell proliferation on the
scaffold. On day 4, the scaffold OD was much higher than
the blank. As a result, the GO-xanthan-HAP composite
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Fig.3 XRD patterns of xanthan, GO, isolated HAP at 800 “C and
GO-xanthan-HAP scaffold
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Fig.4 DTA (a) and TGA (b) curves for GO-xanthan-HAP scaffold
from 30 to 900 °C

was discovered to be biocompatible, meaning it was non-
cytotoxic and allowed cell proliferation.

@ Springer



Chemistry Africa

15.0kV  X10,000 i1pm | 10.0kV 507 X

20 pm 10.0kV

Fig.5 FE-SEM pictures of the a HAP and b, ¢ GO-xanthan-HAP scaffold. Magnification at 11 (a): 22.77 K X 11 (b): 507 X

1.0
mmmm Blank

E 0.8 4 == GO-xanthan-HAP =
o
~
wn
® 0.6
2
@
g 04 -
L 04
©
2
B 0.2
O

0.0

2 4

Days

Fig.6 Cell proliferation of MG-63 cells on GO-xanthan-HAP scaf-
fold as a function of time, measured by MTT assay

The findings of the cell attachment assay for the GO-
xanthan-HAP scaffold are shown in Fig. 7. The image
depicts a high level of scaffold-osteoblast interaction
and serves as an example of a useful in vitro model for

Fig.7 Live cell imaging with
Hoechst 33,342 stain of MG63
cells cultured on GO-xanthan-
HAP scaffold
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researching bone cell-biomaterial interactions due to the
presence of GO and xanthan gum. Because of the multi-
ple oxygen-containing functional groups, both are polar
and have a negative charge. Negative charge is a physico-
chemical factor that affects cell-biomaterial interactions,
and negatively charged surfaces enhance osteoblast-bio-
material interactions [31]. The scaffold materials boosted
cell proliferation, biocompatibility, and adhesion in the
MG 63 cell line, according to in vitro investigations. As
a result, GO-xanthan-HAP will be more effective in bone
tissue engineering.

4 Conclusion

The development and characterization of a new GO-xanthan-
HAP scaffold, as well as the research of its osteoconductivity
on MG 63 cells for use in bone tissue engineering, are
demonstrated in this article. The hydrogen bonding and
electrostatic interactions between the components in the

scaffold were revealed by FTIR analysis. Due to amorphous
xanthan and GO, XRD measurements show that porous
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scaffold has poorer crystallinity than HAP. The porosity
morpho!ogyL for nutrient transport and cell growth is
demonstrated by FE-SEM morphology, which clearly
shows the homogeneous distribution of HAP over xanthan.
In vitro MTT and Hoechst stain assays revealed improved
cell adherence and increased osteoconductivity. As a result
of its porosity and polar functional group, which regulates
cell-matrix interactions, the produced scaffold material
proved biocompatible and can be employed in biomedical
applications.
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